Psoriatic patients may have a variety of comorbidities, but their risk of end-stage renal disease (ESRD), particularly according to the subtype of psoriasis, is unclear. We investigated the risk of ESRD in patients with psoriasis according to the subtype of psoriasis and history of systemic therapy for psoriasis. A total of 2,121,228 adults (1,590,921 in the control group and 530,307 in the psoriasis group) were enrolled in this nationwide population-based cohort study until 2015. During follow-up, 1,434 of the subjects in the psoriasis group developed ESRD. After adjusting for confounding factors, psoriasis was associated with the risk of ESRD (hazard ratio (HR) 1.58, 95% confidence interval [95% CI] 1.47-1.68) . The psoriatic arthritis group (HR 7.60, 95% CI 1.90-30.41) had a higher risk of ESRD than the control group. Interestingly, no such association was detected in the systemically treated group (HR 1.07, 95% CI 0.80-1.41). Moreover, the acitretin-treated group had a lower risk of ESRD (HR 0.658, 95% CI, 0.494-0.875) than the non-systemically treated group. In conclusion, the risk of developing ESRD in patients with psoriasis differed according to the type of treatment and the presence of arthritis.
Psoriasis is a chronic inflammatory skin disease related to T-cell-mediated immunity 1 . The global prevalence of psoriasis is 0.91-8.5%, but it is lower in Asia, including in the Republic of Korea (ROK) [2] [3] [4] [5] [6] [7] . Despite novel treatments, psoriasis is associated with a considerable socioeconomic burden and with a variety of comorbidities, which reduce the quality of life of psoriatic patients 8 .
Psoriasis is a serious and refractory disease due to "invisible inflammation". Psoriasis is not limited to the skin; the "psoriatic march" leads to elevated levels of oxidative stress, endothelial dysfunction, abnormal glucose metabolism, insulin resistance, and ultimately cardiovascular disease [9] [10] [11] . Several studies have evaluated the relationship between psoriasis and metabolic, kidney or cardiovascular disease 10, [12] [13] [14] , but none have addressed the relationships between the subtype of, or treatment for, psoriasis and chronic kidney diseases such as end-stage renal disease (ESRD).
In a cross-sectional study, Yang et al. demonstrated a link between psoriasis and chronic kidney disease 15 . Wang et al. showed that patients with ESRD on chronic hemodialysis are at increased risk of psoriasis 16 . Moreover, psoriatic patients are at risk of renal disease, the magnitude of which increases with worsening severity of psoriasis [17] [18] [19] . Renal dysfunction caused by systemic treatment for psoriasis as well as by psoriasis itself is a concern, but few large-scale studies have investigated the risk of ESRD according to systemic treatment for psoriasis. Therefore, we investigated the actual relationship between details of psoriasis and the prospective risk of ESRD using the National Health Insurance Service (NHIS) database.
Materials and Methods
Data source. All citizens of the ROK are enrolled in the NHIS. The NHIS database contains diagnostic codes, prescriptions, patient information, and data on billing for medical expenses 7 . All citizens of the ROK are registered using the standard International Classification of Diseases (ICD)-10 code and receive a unique identification for anonymity number. This study was approved by the Research Committee of the Korean National Health Insurance Service (KNHIS-2018-1-225), and its design, which is in compliance with the principles of the Declaration of Helsinki, was approved by the Ethics Committee of Seoul St. Mary's Hospital, the Catholic University of Korea (KC18ZESI 0415). The informed consent was waived because all data were anonymized and de-identified.
Study population.
The psoriasis group comprised all patients diagnosed with psoriasis or psoriatic arthritis (ICD-10 codes L40 and M073, respectively) from January 2010 to December 2013 (n = 2,121,228). We excluded patients younger than 20 years of age, those diagnosed with psoriasis before enrollment, and patients who had ESRD before being diagnosed with psoriasis. Finally, the psoriasis group consisted of 530,307 subjects. The control group comprised 1,590,921 subjects (three per patient with psoriasis) selected at random and age-and gender-matched with the subjects in the psoriasis group. We also divided the subjects into the non-systemically treated group (subjects who did not receive a systemic agent) and systemically treated group (subjects who received a systemic agent such as acitretin, cyclosporin, methotrexate, or a biologic [adalimumab, etanercept, infliximab, or ustekinumab]) 7 . During the follow-up period (up to 2015), the primary endpoint was newly diagnosed ESRD as defined by the presence of at least one claim per year under an ICD-10 code of N18, N19, Z49, Z94.0, or Z99.2, and a procedure code of R3280 (kidney transplantation), O7011-7020 (hemodialysis), V001 (hemodialysis), O7071-7075 (peritoneal dialysis), or V003 (peritoneal dialysis).
Statistical analysis.
The demographic characteristics of the subjects at baseline are presented as means ± standard deviations or as numbers (%). The incidence of ESRD was calculated as the number of incident cases during the follow-up period (per 1,000 person-years). The incidence of ESRD according to psoriasis, systemic therapy for psoriasis, and psoriatic arthritis was calculated using the Kaplan-Meier method. Differences between groups were analyzed using the log-rank test. The association between subgroups and ESRD was assessed using univariate and multivariate Cox proportional hazard regression analyses. The latter was used to control for the effects of age, gender, income level, region, diabetes, hypertension, and dyslipidemia. Statistical analyses were performed using SAS software (ver. 9.4, SAS Institute, Cary, NC, USA). P-values < 0.05 were regarded as indicative of statistical significance.
Results
Using the NHIS database, we identified 1,590,921 controls (control group) and 530,307 patients with psoriasis (psoriasis group) ( Table 1 ). The baseline characteristics of the groups are shown in Table 1 . The prevalence of diabetes, hypertension, and dyslipidemia differed significantly between the two groups (P < 0.01).
The psoriasis group had a high risk of developing ESRD (hazard ratio [HR] 1.81, 95% confidence interval [95% CI] 1.69-1.93, P < 0.001), and this association remained significant after adjustment for age, gender, www.nature.com/scientificreports www.nature.com/scientificreports/ household income, region, and comorbidities of diabetes, hypertension, and dyslipidemia (HR 1.58, 95% CI 1.47-1.68, P < 0.001) ( Table 2) .
Kaplan-Meier curves of the ESRD-free survival rate are shown in Fig. 1 . The median follow-up duration was 3.9 years. The incidence of ESRD was 0.69 and 0.38 per 1,000 person-years in the psoriasis and control groups, respectively (P < 0.001 by log-rank test; Fig. 1 ).
The results of analyses according to the subtype of psoriasis are listed in Table 3 . In the cutaneous psoriasis group, 499,593 patients had not been treated with a systemic agent (non-systemically treated group), 30,535 had been treated with a systemic agent (systemically treated group), and 179 patients were diagnosed with psoriatic arthritis. The non-systemically treated group (HR 1.85, 95% CI 1.73-1.97, P < 0.001) and psoriatic arthritis group (HR 7.50, 95% CI 1.89-29.70, P < 0.001) had increased risks of ESRD compared to the control group. After adjusting for confounding factors, the significant association with the risk of ESRD remained in the non-systemically treated group (HR 1.60, 95% CI 1.50-1.71, P < 0.001) and psoriatic arthritis group (HR 7.60, 95% CI 1.90-30.41, P < 0.001).
Of the subjects, 15,212 had been treated with acitretin (acitretin group) (HR 0.576, 95% CI 0.385-0.863); these subjects did not have a higher risk of ESRD than those in the non-systemically treated group (Table 4 ). Finally, treatment with methotrexate (HR 0.735, 95% CI 0.329-1.638) or cyclosporin (HR 0.717, 95% CI 0.47-1.092) was not associated with the risk of ESRD. 
Discussion
In this nationwide cohort study, patients with psoriasis showed an increased risk of ESRD development (HR 1.58, 95% CI 1.48-1.68) after adjustment for confounding factors. However, the patients who received systemic anti-psoriasis agents did not have a significantly increased risk of ESRD. Notably, patients treated with acitretin (acitretin group) (HR 0.576, 95% CI 0.385-0.863) significantly did not have an increased risk of ESRD compared to the non-systemically treated group. Meanwhile, psoriatic arthritis was strongly associated with the risk of ESRD (HR 7.60, 95% CI 1.90-30.41).
Psoriasis is a multi-organ rather than a skin-only inflammatory disease 9 . Patients with psoriasis are at high risk of systemic disorders, such as metabolic syndrome, hypertension, cardiovascular diseases, inflammatory bowel diseases, and cancer 10, [20] [21] [22] [23] . In addition, associations between psoriasis and kidney disease (e.g., glomerulonephritis, IgA nephropathy, focal segmental glomerulosclerosis, and membranous nephropathy) have been reported [24] [25] [26] . The prevalence of microalbuminuria and the mean urinary albumin excretion (an indicator of subclinical renal impairment) are higher in patients with psoriasis than in healthy controls 27, 28 . The risk of chronic kidney disease and ESRD is increased in psoriatic patients, especially including those with severe psoriasis, psoriatic arthritis, and patients taking non-steroidal anti-inflammatory drugs [17] [18] [19] . In this study, there was strongly associated with the risk of ESRD (HR 7.60, 95% CI 1.90-30.41, P < 0.001) in patients with psoriatic arthritis as well as those with psoriasis.
Several pathogenetic mechanisms have been proposed to be shared by psoriasis and ESRD. First, the altered serum levels of various factors in psoriatic patients may induce renal impairment, and tubular injury may be caused by elevated levels of uric acid 29 . Second, comorbidities of psoriasis, such as atherosclerosis, arterial hypertension, and diabetes, may contribute to renal dysfunction. Third, T-cell dysfunction and increased levels of immune complexes typically seen in patients with psoriasis are reportedly related to glomerular injury 30 .
Among the various proinflammatory factors associated with both ESRD and psoriasis, interleukin (IL)-17 is notable. IL-17 levels are high in psoriasis skin lesions and in the serum of psoriatic patients [31] [32] [33] . Also, the severity of psoriasis, as indicated by the PASI score, is positively correlated with the serum level of IL-17 34 . IL-17A also plays a role in the development of kidney diseases, including glomerulonephritis, nephrotic syndrome, diabetic nephropathy, and acute renal allograft rejection, as well as in atherosclerosis and hypertension 35 . Patients with ESRD have immune impairment, as indicated by an increased abundance of IL-17A-producing effector memory T cells and decreased abundance of naïve T cells 36 . Indeed, the numbers of Th17 cells and Treg cells were reported to be increased and decreased, respectively, in patients on long-term hemodialysis 31 . Therefore, the sustained high serum levels of IL-17 in psoriatic patients may induce renal inflammation and ultimately ESRD.
Systemic treatments such as acitretin, methotrexate, and etanercept decrease the numbers of proinflammatory cells (such as Th1 and Th17 cells) and increase those of anti-inflammatory cells (such as Tregs) in psoriatic skin lesions and in serum 32, 33, 37, 38 . Acitretin downregulates the expression of interferon-γ as well as that of IL-17 32 . Therefore, the levels of proinflammatory cytokines may have been lower in the subjects in the systemically treated group than those in the non-systemically treated group. Cyclosporin is reportedly nephrotoxic 39 , but in this study, cyclosporin did not impact the risk of ESRD. This may be due to the small number of patients treated with cyclosporin and/or the low doses administered, or to the alert regarding the danger of administering cyclosporin to patients with reduced renal function or hypertension.
The greatest strength of this study lies in the analysis of data from a large longitudinal cohort of subjects. To our knowledge, this is the first nationwide cohort study on the relationship of psoriasis with/without psoriatic arthritis and systemic treatment with the risk of ESRD. However, this study had the following limitations. First, disease diagnosis was assessed using the ICD-10 codes in a health-insurance claims database, and the nature of claims data makes coding errors or misclassification possible. Second, because such databases contain limited clinical information, some confounding factors, such as smoking status, drinking status, body mass index, and physical activity level, could not be analyzed. Third, data on the severity of psoriasis could not be obtained.
In conclusion, the risk of ESRD was increased in patients with psoriasis or psoriatic arthritis but not in those who received systemic treatment for psoriasis. These findings provide insight into the relationship between psoriasis and the risk of ESRD. 
